Aims Abnormal coronary vasomotion plays a role in the clinical expression of coronary artery disease. We hypothesized that the functional C825T polymorphism located in the ubiquitous G-protein 3 subunit, implicated in the cellular signal transduction of many receptors, could modify artery coronary vasomotion. We assessed the potential association of the pertussis toxin-sensitive G protein 3 subunit (GNB3) gene C825T polymorphism on coronary vasomotion in humans.
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Methods and Results
We examined the response of angiographically normal human coronary arteries (n=131) after intravenous injection of methylergonovine maleate, a vasoconstrictor, followed by injection of isosorbide dinitrate, a vasodilator, according to GNB3 genotypes. Coronary vasomotion was assessed with quantitative coronary angiography. Subjects bearing at least one T allele had greater susceptibility to vasoconstriction in response to methylergonovine maleate than CC subjects, whereas vasodilation in response to isosorbide dinitrate did not differ among the different genotypes.
Introduction
Vasomotor tone is the end result of a complex set of interactions that control relaxation and contraction of blood vessels. Vasoconstriction plays an important role in the pathophysiology and clinical expression of coronary artery disease. Hypertension alters the regulatory function of the endothelium leading to adverse longterm effects, including vascular remodelling and vasoconstriction (for review [1, 2] ). We investigated the impact of the functional C825T polymorphism located in the human pertussis toxin-sensitive G protein 3 subunit (GNB3) gene, previously associated with essential hypertension [3, 4] and blood pressure variation [4, 6] , on coronary artery vasomotor tone in 131 patients.
The signal-transducing G proteins are heterotrimers composed of three subunits, alpha, beta and gamma. Several distinctive forms of the different subunits, each encoded by a distinct gene, have been described. The 3 gene has been assigned to chromosome 12p13 [7, 8] .
The GNB3 C825T polymorphism in exon 10 induces the occurrence of a splice variant (G 3-s) in which the nucleotides 498-620 of exon 9 are deleted [3] . This deletion causes the loss of 41 amino acids and one conserved repeated domain ending with Trp-Asp (WD). WD proteins are found in all eukaryotes but not in prokaryotes and regulate cellular functions such as cell division, cell-fate determination, gene transcription, transmembrane signalling, mRNA modification and vesicle fusion [9] . The splice variant G 3-s is a functional protein but confers an enhanced activation of G-proteins. 
Methods

Patients and study protocol
The study population and study protocol have been previously reported [10] . Patients were admitted for diagnostic coronary angiography and had an angiographically normal coronary tree. Patients with dilated cardiomyopathy or a history of myocardial infarction or who had valvular heart disease were excluded. All drugs were discontinued 48 h before angiography. Methylergonovine maleate (ERG) (100 g) was injected intravenously and an angiogram was obtained 3 min later. An additional dose of ERG (300 g) was injected and another angiogram was recorded 3 min later. After that 200 g of isosorbide dinitrate (ISDN) was injected into the coronary artery and an angiogram was recorded 2 min later. Finally, 2 mg of ISDN was injected and a final angiogram was recorded 2 min later. The coronary angiograms were analysed with quantitative coronary angiography (CAESAR System). The mean diameters of proximal and distal segments, identified by their distance from side branches or from the origin of the vessel, were determined. Response to ERG and ISDN was calculated as follows :
Dilation=[(diameter after ISDN baseline diameter)/ baseline diameter] 100 (%).
Genetic analyses
Genomic DNA was extracted from white blood cells. Genotyping was achieved as previously described [3] . Statistical analyses were performed with the SAS Software release 6·12 (SAS Institute Inc.). Quantitative variables were compared to the GNB3 genotypes (CC vs CT+TT) using a general linear model (GLM procedure). Significance levels were set at P<0·05.
Results
The characteristics of the patients are given in Table 1 . The genotypic distribution of the GNB3 C825T polymorphism in the population was in Hardy-Weinberg equilibrium. The frequency of the rare T allele was 0·28 (Table 2) . Because the number of homozygous TT subjects was low (n=13), these subjects were pooled to CT subjects and compared to CC subjects in the following analyses. Proximal and distal baseline segment diameters were similar among the different groups of genotypes ( Table 3) . As expected, proximal and distal segments constricted in response to ERG and relaxed after ISDN. No differences in vasodilator responses were observed in subgroups with the different genotypes (Table 4) . However, patients who had at least one T allele of the C825T polymorphism had significantly (P=0·028) greater vasoconstriction (+68%) in response to the first dose of ERG in proximal coronary segments than patients with the CC genotype ( 9·8% vs 5·8% respectively) ( Table 3 , Fig. 1 ). This enhanced constriction was independent of age, gender, family history of coronary heart disease, diabetes, cigarette consumption and hypertension. Although non significant, similar tendencies were detected in distal coronary segments (42% higher vasoconstriction in 825T allele bearers) ( Table 4) . No significant association between the C825T polymorphism and hypertension could be detected in this population (62 subjects with hypertension, 825T allele frequency=24%).
Discussion
Our study shows that subjects bearing at least one T allele of the GNB3 C825T polymorphism had higher vasoconstriction in response to ERG than CC subjects in proximal coronary segments. The genotypic and allelic frequencies of the 825T allele in the present study were similar to those found in other Caucasian normotensive populations (T allele frequency 0·30) [3, 4, 6, 11] but differed from those reported in Canadian Oji-Cree [5] , Japanese [12] , Chinese [13] (T allele frequency 0·50) or in South Africans (T allele frequency 0·85) [13] underlying considerable ethnic background differences. The ubiquitous expression of the G 3 isoform [14] probably explains the various impacts of this functional polymorphism reported in different populations. Indeed, several studies previously found an association between the GNB3 C825T polymorphism and essential hypertension or blood pressure vari ation [3] [4] [5] [6] whereas others could not [11, 12] . Moreover, it seems that the 825T allele constitutes a risk factor of obesity in hypertensive [15] or normotensive individuals [13] . The frequency of the 825T allele was not increased in our hypertensive subjects but this may be due to the insufficient number of hypertensive subjects (n=62).
Siffert and colleagues hypothesized that hypertension associated with the 825T allele was probably not due to enhanced vasoconstriction by vasoconstrictor hormones such as norepinephrine and angiotensin II which activate PTX-insensitive G-protein heterotrimers -predominantly containing the G 1 subtype -but may result from enhanced vascular smooth muscle cell proliferation and finally vascular hypertrophy. The present study shows that methylergonovine maleate has a greater constrictor effect in subjects bearing the GNB3 825T allele. It is known that ERG has a direct constrictor effect on vascular smooth muscle cells through a stimulant effect of -adrenergic and serotoninergic (5-HT) receptors [16] . 1 -and 2 -adrenoceptors are G-protein-coupled membrane receptors.
2 -adrenoceptors can be divided into 2 A-, 2 B-, and 1 D-adrenoceptors which are expressed in many tissues, particularly smooth muscle where they mediate contraction. They activate phospholipase C through the G( q/11 ) family of G proteins, activate protein kinase C and release stored Ca 2+ [17, 18] . In an elegant study, it has been shown that 1 -adrenoceptors increase cytoplasmic Ca 2+ concentration in rat portal vein myocytes in vitro through the G q and G 11 proteins. These two G-proteins have two distinct roles: G q induces the Ca 2+ release from intracellular stores and G 11 induces the Ca 2+ influx from extracellular medium. The G q protein is composed of q / 1 / 3 subunits whereas G 11 is composed of 11 / 3 / 2 subunits [19] . The G 3 -s subunit, which is associated with enhanced activity, may therefore increase the 1 Aadrenoceptor-coupled G 11 protein activity, explaining the observed enhanced vasoconstriction in response to ERG in subjects bearing the GNB3 825T allele.
In conclusion, the GNB3 C825T gene polymorphism is associated with a greater vasoconstriction in response to ERG. Further studies are needed to confirm these results and to clarify the physiological mechanisms involved in this effect. Our results may help to explain the interactions existing between coronary vasomotion, hypertension and coronary artery diseases. Adjusted means SEM: percent change from baseline, adjusted for age, gender, family history of coronary heart disease, cigarette consumption, hypertension and diabetes. *P=0·028. 
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